Host-bacterial interactions at mucosal surfaces require recognition of the bacteria by host cells enabling targeted responses to maintain tissue homeostasis. It is now well recognized that an array of host-derived pattern recognition receptors (PRRs), both cell-bound and soluble, are critical to innate immune engagement of microbes via microbial-associated molecular patterns (MAMP). This report describes the use of a nonhuman primate model to evaluate changes in the expression of these sensing molecules related to aging in healthy gingival tissues. Macaca mulatta aged 3-24 years were evaluated clinically and gingival tissues obtained, RNA isolated and microarray analysis conducted for gene expression of the sensing pattern recognition receptors (PRRs). The results demonstrated increased expression of various PRRs in healthy aging gingiva including extracellular (CD14, CD209, CLEC4E, TLR4), intracellular (NAIP, IFIH1, DAI) and soluble (PTX4, SAA1) PRRs. Selected PRRs were also correlated with both bleeding on probing (BOP) and pocket depth (PD) in the animals. These findings suggest that aged animals express altered levels of various PRRs that could affect the ability of the tissues to interact effectively with the juxtaposed microbial ecology, presumably contributing to an enhanced risk of periodontitis even in clinically healthy oral mucosal tissues with aging.
INTRODUCTION
Mucosal tissues are colonized by an extremely dense and diverse microbiota of commensal bacteria, as well as occasionally having to interact with pathogenic microorganisms. These sites continuously sample foreign material via various cells types, including macrophages (mФ) and dendritic cells (DCs). These are innate immune cells within the skin and mucosa, including oral and gingival epithelium, that respond rapidly to infection, carrying crucial information about the infection to lymph nodes to trigger an immune response (Kopitar, et al., 2006 , Nestle, et al., 1994 , Makino, et al., 2001 , Jotwani, et al., 2001 , Cutler and Jotwani, 2006 . Historically, both of these APC types were identified to effectively engage microbes using a repertoire of pattern recognition receptors (PRRs) (Hemmi and Akira, 2005, Benko, et al., 2008) , which recognize distinct classes of microorganism-associated molecular patterns (MAMPs), including a range of bacterial, viral, and fungal pathogens, through engagement of LPS, LTA, and nucleic acid (e.g., CpG, DNA, dsRNA) ligands (BlachOlszewska, 2005 , Wollenberg, et al., 2002 , Kawai and Akira, 2006 , Kumar, et al., 2009 . However, it is now recognized that these PRRs exist on virtually all types of host cells with variation in the quality and quantity that are expressed on particular cell-types (Hajishengallis, et al., 2012) . Moreover, the literature demonstrates that the PRRs exist as cell associated [e.g. Toll-like receptors (TLRs), nucleotide-binding oligomerization domains (NODs)] and soluble PRRs (e.g. C-reactive protein, serum amyloid A) that are critical to innate immunity (Mogensen, 2009 ) and help link innate and adaptive immune responses (Werling and Jungi, 2003, Kumar, et al., 2011) .
While there are numerous reports regarding PRR expression and functions with aging, generally the existing data remains somewhat unclear regarding aging effects on these critical members of the innate immune system (Shaw, et al., 2013 , Shaw, et al., 2011 . Studies in mice and humans have suggested that the expression and functions of various TLR and other PRRs such as RIG-I and NLRP3 are altered with aging, usually decreasing in level and/or functional capabilities. Beyond adaptive immune senescence that has been uniformly described in aging, these findings contribute to the concept of "inflamm-aging" that emphasizes a dysregulation and exacerbated destructive inflammatory responses with aging (Shaw, et al., 2013 , Franceschi, et al., 2000 , Fulop, et al., 2013 . Dunston and Griffiths (Dunston and Griffiths, 2010) suggested that a poor inflammatory response via TLR activation still allowed dysregulated inflammation in aging related to ineffective clearance of pathogens and less well controlled activation of macrophages. Interestingly, Sun et al. (Sun, et al., 2012 ) demonstrated a less LPS tolerigenic macrophage in aging with challenge by an oral pathogen, P. gingivalis, apparently related to altered TLR2 and TLR expression/ function.
The periodontium of the oral cavity is a multi-component tissue comprised of epithelium, connective tissue, a capillary vascular bed, and alveolar bone. Disease of this structure, ie.
periodontitis, results in chronic inflammation (measured by redness and bleeding), soft tissue destruction (described as clinical attachment loss) and bone resorption, that is generally reflected in increased probing pocket depth. The current paradigm of periodontitis is a chronic destructive inflammatory response with oral bacterial biofilms triggering an influx of host immune cells and release of cytokines/chemokines and inflammatory lipids that have direct effects on the integrity of the tissues that comprise the periodontium. A consistent clinical finding in periodontitis is substantial increases in incidence, extent, and severity of disease with aging (Baelum and Lopez, 2013, Eke, et al., 2012) . Moreover, a vast literature exists describing the range of molecular inflammatory, innate immune and adaptive immune responses in human health and disease , Bartold and Van Dyke, 2013 , Hajishengallis, 2015 , Garlet, et al., 2014 , Souza and Lerner, 2013 , as well as a number of animal models that have been used to assess causality (de Molon, et al., 2013 , Graves, et al., 2012 , Oz and Puleo, 2011 , Madden and Caton, 1994 , Holt, et al., 1988 .
This report uses a nonhuman primate model of naturally-occurring periodontitis to document alterations in expression of these microbial sensing molecules. The hypothesis to be tested was that aging effects on clinically healthy gingival tissues are detected within the pattern of PRR expression and may be related to the aging susceptibility for this mucosal tissue disease.
METHODS

Nonhuman primate model and Oral Clinical Evaluation
Rhesus monkeys (Macaca mulatta) (n=41; 21 females and 20 males) housed at the Caribbean Primate Research Center (CPRC) at Sabana Seca, Puerto Rico, were used in these studies. Healthy animals (5-14/group) were distributed by age into four groups: ≤3 years (young), 3-7 years (adolescent), 12-16 years (adult) and 18-23 years (aged). The nonhuman primates are typically fed a 20% protein, 5% fat, and 10% fiber commercial monkey diet (diet 8773, Teklad NIB primate diet modified: Harlan Teklad). The diet is supplemented with fruits and vegetables, and water is provided ad libitum in an enclosed corral setting.
A protocol approved by the Institutional Animal Care and Use Committee (IACUC) of the University of Puerto Rico, enabled anesthetized animals to be examined for clinical measures of periodontal including probing pocket depth (PD), and bleeding on probing (BOP) as we have described previously (Ebersole, et al., 2008) .
Tissue sampling and gene expression microarray analysis
A buccal gingival sample from healthy tissue from the premolar/molar maxillary region of each animal was taken using a standard gingivectomy technique, and maintained frozen in RNAlater solution. Total RNA was isolated from each gingival tissue using a standard procedure as we have described and tissue RNA samples submitted to the microarray core to assess RNA quality and analyze the transcriptome using the GeneChip® Rhesus Macaque Genome Array (Affymetrix) or GeneChip® Rhesus Gene 1.0 ST Array (Affymetrix) (Meka, et al., Gonzalez, et al., 2011) . Individual samples were used for gene expression analyses. Table 1 lists the microbial sensing gene set examined in this report.
Based upon the microarray outcomes we selected 5 genes and performed a qPCR analysis using a standard technique in our laboratory employing a Roche 480 LightCycler (Gonzalez, et al., 2014) . Primers were prepared for SAA1 (forward -CAGCGATGCCAGAGAGAATATC; reverse -CAGCGATGCCAGAGAGAATATC; amplicon 121 bp), CD14 (forward -GCCCTAAACTCCCTCAATCTG; reverse -CAGTCTGTTGCAGCTGAGAT; amplicon 99 bp), NAIP (forward -GGCTCTTGGATGCAGATGATA; reverse -ATGATTGGAGAGAACGGCAATA; amplicon 112 bp), TLR2 (forward -GATGCTGCCATTCTTGTTCTTC; reverse -CAGGTAGGTCTTGGTGTTCATT; amplicon 99 bp) and ZBP1/DAI (forward -TCAGCCCATCACTCGAAAC; reverse -ATGAGGCTTCATCCACATAGTC; amplicon 113 bp) genes, designed using software PrimerQuest at Integrated DNA Technologies website (www.idtdna.com) and were synthesized by Integrated DNA Technologies, Inc (Coralville, IA). The level of message was determined and those levels compared across the RNA samples prepared from each of the age groups.
Data analysis
Normalization of values across the chips was accomplished through signal intensity standardization across each chip using Affymetrix PLIER algorithm. The arrays contained matched and mismatched pairs allowing the MAS 5 algorithm to be used. For each gene we first determined differences in expression across the groups using ANOVA (version 9.3, SAS Inc., Cary, NC). The healthy aged tissues were then compared to the other age groups using a t-test and accepting a p-value <0.05 for significance. Because of the cost of these types of nonhuman primate experiments and availability of primates of the various ages, we did not have sufficient samples to identify if the relationship between age and gene expression could be treated using a linear model, thus the subjects were classified and ANOVA was used for analysis. The choice of Least Significant Difference for multiple comparisons (ANOVA followed by t-tests) provided maximum power given our necessarily small sample sizes. We determined a correlation with aging in healthy tissues using a Spearman Rank correlation analysis that was fit to the gene expression by age. A p-value ≤ 0.05 was used to evaluate the significance of the correlation. The data has been uploaded into the ArrayExpress data base (www.ebi.ac.uk) under accession number: E-MTAB-1977.
RESULTS
While all of the animals were categorized as periodontally healthy based upon mouth mean bleeding index and pocket depths, across the age range variations in these clinical parameters were noted. Figure 1 summarizes the relationship of these clinical parameters to age of the animals. As is shown, there was a negligible relationship between age and bleeding; however, the pocket depth measures were significantly positively correlated with age.
We then evaluated the expression of the array of PRRs particularly related to changes that could be detected in healthy gingival tissues from aged animals versus the expression patterns in all other age groups. Figure 2 shows that surface PRRs, including CD14, CD209, CLEC4E and TLR4 were significantly increased in the healthy aging gingival tissues. Intracellular receptors IFIH1, NAIP and ZBP1/DAI were also significantly increased in aging. An array of soluble PRRs was also examined in health with aging and the changes observed included a significant up-regulation and high signal for SAA1 in the healthy aged tissues and a decrease in expression of PTX4. Table 2 provides a summary of the qPCR analysis of selected genes as a validation of the microarray results. The findings demonstrate an agreement in level differences for 4/5 genes using these 2 techniques. Figure 3 depicts the distribution of PRR sensing gene expression levels plotted for significance and relative change comparing healthy aged tissues with healthy gingival tissues from all other age groups. The results identify a select group of PRRs that are up-regulated in gingival tissues from healthy aging animals, with a more limited number that appeared to be down-regulated. Figure 4 provides a depiction of the PRR gene expression profiles that demonstrated a significant correlation with age in healthy gingival tissues. Of the 38 genes, 4 genes (CD14, CLEC6A, CLEC7A, ZPB1/DAI) were all significantly positively correlated with aging in healthy tissues. Additionally, FCN1, CLEC4M, and PTX4 were negatively correlated demonstrating lower levels of expression in the aged gingival tissues.
The relationship of the gene expression profiles of these microbial sensing PRRs to clinical presentation of the animals over the lifespan was examined. Generally very limited correlations were observed between the expression of any of the PRRs and the clinical parameters of bleeding on probing (BOP) and pocket depth (PD) within the healthy gingiva from young to aged animals. Only CLEC7A and ZBP1/DAI demonstrated a significant relationship with pocket depth, and NAIP and NOD2 with bleeding on probing indices in the healthy gingival tissues ( Figure 5 ).
Recognizing that the response to a complex stimulus in the gingival tissues is a multifaceted and interconnected tuning of the systems biology to manage the noxious bacterial challenge, we interfaced the various findings to create a schematic network of relationships among the PRRs in healthy gingival tissues related to the aging process. For this comparison we calculated correlations of gene expression across all PRRs as they related to aging of the animals. The results in Figure 6 demonstrate that 5 of the PRRs (ZBP1, TLR1, TLR7, AIM2, COLEC12) are highly networked with numerous other PRR gene expression profiles (5 or more) in the healthy gingival tissues. An additional, 11 genes were also significantly correlated with expression of multiple (3 or 4) other PRRs as noted by the network connecting lines in the figure. Interestingly, TLR7 was somewhat unique in that it was exclusively negatively correlated with other PRRs in the healthy tissues. As such, the expression of 21 of the PRR genes appeared rather independent of this larger family of microbial recognition molecules in the gingival tissues.
DISCUSSION
Effective innate immune responses, both locally and systemically, depend upon the availability of an array of microbial pattern recognition receptors (PRR) that interact with bacteria, viruses, and fungi through specific ligands (PAMPs, MAMPs) that are structural motifs of their cell membranes, cell walls, or genomes (Kumar, et al., 2011) . The engagement of these PRRs, both cell-associated and soluble are critical for management of microbial challenge of the host and are directly involved in downstream signaling of an array of host innate immune, inflammatory, and even adaptive immune cells and molecules (Mogensen, 2009) . While the PRRs are nonspecific, in that they engage the structural motifs from a range of microbes, there is some specificity in that individual PRRs tend to recognize specific motifs that are unique to bacteria, viruses or fungi (Kolli, et al., 2013 , Min, et al., 2013 .
A major family of the cell-associated PRRs are the Toll-like receptors (TLRs), with 10 TLR genes identified in humans (TLR1-10) (Qian and Cao, 2013) . Each of the TLRs has a somewhat different microbial molecular pattern with which it engages TLR1's ligand is multiple triacyl lipopeptides on bacteria. TLR2 forms heterodimers with TLR1, TLR6 or non-TLR receptors [e.g. CD36, CD14, CLEC7A (Dectin-1)] to engage specific molecular ligand structures that include, mycobacterial and mycoplasma diacylated lipopeptides, lipoteichoic acid, triacylated lipopeptides, β-glucan of fungi, and heat shock protein 70 (van Bergenhenegouwen, et al., 2013) . TLR3, TLR7, and TLR8 all appear to primarily engage nucleic acids related to detection of viral infections Cao, 2013, Frazao, et al., 2013) . The primary ligand for TLR4 has been identified as the lipopolysaccharides (LPS) from most Gram-negative bacteria, although TLR4 can bind to heat shock proteins, fibrinogen, and hyaluronic acid fragments of the host (Park and Lee, 2013) . TLR5 has specificity for flagellin of bacteria Cao, 2013, Frazao, et al., 2013) . Finally, TLR9 also recognizes unique patterns of nucleic acids, specifically binding to unmethylated CpG sequences that are found in bacteria and viruses Cao, 2013, Frazao, et al., 2013) . Generally, TLRs were not altered in healthy aging gingival tissues, except, TLR4 levels were up-regulated in the aging tissues. In contrast, the TLRs were significantly correlated with an array of PRRs in the tissues of the animals, with an interesting finding of TLR7 in particular being negatively correlated with multiple PRRs (CRP, NOD1, COLEC12, TLR1, PTX3). It is not clear why this seemingly unique feature exists with the TLR7, albeit there are reports of decreased TLR7 levels in irritable bowel syndrome patients (Sainathan, et al., 2012 , Brint, et al., 2011 , elevated stimulation of TLR7 leading to a proinflammatory response in the gut (Dillon, et al., 2010) , and that the normal intestinal microbiota can regulate TLR7 pathways and help trigger a proper activation of inflammasomes related to respiratory responses (Pang and Iwasaki, 2011, Wu, et al., 2013) . Finally, in the absence of TLR7-mediated responses, the immune milieu of the host is modified with effects on both respiratory epithelium functions (Kaiko, et al., 2013) . Thus, these networks in the gingival tissues support that TLR7 may have an important role in regulating the homeostatic responses in these tissues and contributing to maintaining gingival health with aging.
The CD14 molecule exists anchored to the membrane of many immune system cells and in a soluble form generally after shedding or direct secretion. This molecule acts as co-receptor with TLR4 and MD2 for bacterial LPSs through recognition of diacylated lipopeptides (Park and Lee, 2013 , Laine, et al., 2005 , Jin and Lee, 2008 . The soluble form of CD14 confers LPS-responsiveness to cells not expressing CD14 (Litvack and Palaniyar, 2010) . The expression of CD14 in the gingival tissues was significantly elevated in healthy aging tissues and correlated significantly with aging, but was generally unrelated to the level of bleeding or pocket depth in the healthy animals.
The C-type lectin domain family members share a common structure with roles in inflammation and immune responses. The C-type lectin receptors are often endocytic receptors, and may have direct signaling through NF-κB activation or may act indirectly by modulating TLRs. CLEC4E functions as cell-surface receptor for a wide variety of ligands such as nuclear proteins from damaged cells, fungi (mannose residues) and mycobacteria (trehalose 6,6′-dimycolate). CLEC4M encodes L-SIGN that is 77% identical to CD209 (DC-SIGN), as well as being involved in the innate immune system and recognizes divergent pathogens from parasites to viruses (Yan, et al., 2013 , Wevers, et al., 2013 , Sukhithasri, et al., 2013 , Hoving, et al., 2013 . This receptor also interfaces with the coagulation system through binding of von Willebrand Factor (Rydz, et al., 2013) . CLEC7A (Dectin-1), which is primarily expressed on immune cells, functions as a PRR for a variety of beta-1,3-linked and beta-1,6-linked glucans from fungal cell walls and some bacteria as part of innate immune responses, and collaborates with TLR2 to elicit inflammatory responses. Engagement of Dectin-1 leads to a cellular respiratory burst, production of arachidonate metabolites, maturation of dendritic cells, phagocytosis and an array of cytokine/chemokine production, particularly related to development of Th17 cells (Lyakh, et al., 2008 , Reid, et al., 2009 ). CLEC6A (Dectin-2) is part of the dendritic cell immunoreceptor family that binds high-mannose carbohydrates and alpha-mannans on C. albicans hyphae, thus, playing an important role in host defense by inducing Th17 cell differentiation (Kerscher, et al., 2013) . CLEC6A and CLEC7A were significantly positively correlated with age, while CLEC4M was decreased with aging. Also, CLEC7A was positively with clinical pocket depth. Finally, all of the C-lectin type PRRs were correlated with gene expression of multiple other PRRs in the tissue, suggesting a potential role in maintaining tissue homeostasis even during aging.
Dendritic Cell-Specific Intercellular adhesion molecule-3-Grabbing Non-integrin (DC-SIGN), or CD209 is a C-type lectin receptor primarily expressed by macrophages and dendritic cells that plays an important role in innate and adaptive immunity (Zhou, et al., 2006 , Khoo, et al., 2008 . The receptor engages mannose type glycoproteins, commonly found on viruses, bacteria and fungi to initiate phagocytosis. Binding of ligand to DC-SIGN also causes DC interactions with endothelial cells and ac (Gonzalez, et al., 2011 tivation of CD4+ T cells. Numerous reports have emphasized the role of DCs in periodontitis, often focusing on their role in innate immunity. However, the changes in aging healthy gingival tissues may support a contribution to the adaptive immune system that helps to maintain a healthy homeostasis or related to a delayed apoptosis of these cells with aging in these tissues, as we have identified previously (Gonzalez, et al., 2011 .
Retinoic acid-inducible gene I-like receptors (RLRs) are cytoplasmic RNA helicases that recognize RNA species and are critical for host antiviral responses through interferon induction (Kumar, et al., 2013, Eisenacher and Krug, 2012) . These cytosolic PRRs are represented by three members: RIG-I, melanoma differentiation associated gene 5 (MDA5), and laboratory of genetics and physiology 2 (LGP2). RIG-I (DDX58) generally recognizes various ssRNA viruses, and binds to small dsRNA species (Onoguchi, et al., 2011) . LGP2 (DHX58) appears to have a function more relevant to innate antiviral immunity. LGP2 has been found to be essential for producing effective antiviral responses against many viruses that are recognized by RIG-I and MDA5. Examination of type I IFN production related to LGP2 suggests that it can negatively or positively regulate RIG-I and MDA5 responses, depending on the type of RNA virus infection (Kato, et al., 2011) . Generally, these types of receptors have had limited exposure in studies of periodontitis. However, we identified a significant decrease in expression of LGP2 in healthy aged gingival tissues potentially suggesting an increased risk of viral challenge to these tissues that could alter local immune reactivity and risk of bacterial triggering of periodontitis (Slots, 2010) .
The nucleotide-binding oligomerization domain-containing protein receptors (NLRs) are intracellular PRRs, and include NOD1, NOD2, NLRC4 (NLR family CARD domaincontaining protein 4), NLRP3 (NLR family, pyrin containing domain 3; NALP3) and NAIP (NLR family, apoptosis inhibitory protein; BIRC1). NOD1 and NOD2 recognize intracellular bacterial cell products of peptidoglycan (PGN), i.e. D-γ-glutamyl-meso-DAP (mDAP) and muramyl dipeptide (MDP) leading to activation of NF-κB. In addition, the cytokines TNF and IL-32 synergize with the NOD agonists, mDAP and MDP, to enhance IL-1β production (Wen, et al., 2013) . NALP3 responds to multiple stimuli to form a multiprotein complex termed the inflammasome, which promotes the release of the IL-1 family of cytokines (Martinon, et al., 2009 ). NLRC4 (IPAF) indirectly senses specific proteins from pathogenic bacteria and fungi and responds by assembling an inflammasome complex that promotes caspase-1 activation, cytokine production, and macrophage pyroptosis. NAIP is a sensor component of the NLRC4 inflammasome that recognizes intracellular bacteria pathogens and is anti-apoptotic by inhibiting the activities of CASP3, CASP7 and CASP9 (Gong and Shao, 2012, Kofoed and Vance, 2012) . These intracellular PRRs demonstrated a range of variation in the gingival tissues. NAIP was significantly elevated in healthy aged tissues. This is consistent with our previous findings of decreased apoptotic gene profiles in aging gingival tissues and periodontitis (Gonzalez, et al., 2011 . Soluble PRRs are produced by macrophages and hepatocytes and generally are considered as antimicrobial by binding to the cell wall of various microorganisms, enhancing phagocytosis and complement activation, leading to both destruction and processing for antigen presentation (Kumar, et al., 2013, Litvack and Palaniyar, 2010) . Complement receptors, collectins, ficolins and the family of pentraxins [e.g. Serum Amyloid A (SAA), CReactive Protein (CRP)] are all secreted by cells as soluble PRRs. Pentraxins are divided into short proteins, such as CRP and serum amyloid protein, and long proteins, such as PTX3 and PTX4 (Deban, et al., 2009 , Agrawal, et al., 2009 ). The serum levels of these soluble PRRs increase in response to inflammatory cytokines; therefore these PRRs are also referred to as acute-phase proteins (Ebersole and Cappelli, 2000) . The pentraxin family members are considered as part of innate immunity and function as primitive antibodies by mediating agglutination, complement activation, and opsonization of pathogens. No differences were observed in CRP gene expression. The SAA1 protein may help repair damaged tissues, act as an antibacterial agent, and signal the migration of immune cells to sites of infection. It was significantly upregulated in healthy aged gingival tissues. PTX4 was significantly under-expressed in healthy aging tissues and demonstrated a significant negative correlation with aging. The PTX3 soluble PRR is a prototypical member of this group that is an acute phase reactant and is produced and released by mononuclear phagocytes, dendritic cells, fibroblasts, and endothelial cells in response to TLR engagement, and the action of various host factors (TNFα, IL-1ß), and has been suggested to contribute to controlling autoimmune responses and fixing complement (Deban, et al., 2009) . A few reports have described elevated levels of PTX3 in gingival tissues (Lakshmanan, et al., 2013) and gingival crevicular fluid and plasma (Pradeep, et al., 2011 , Fujita, et al., 2012 , leading to a suggestion that these types of soluble PRRs may provide some diagnostic potential for periodontal disease. However, no other reports are available that have examined PTX4 related to oral health or disease.
Z-DNA-binding protein 1 (ZBP1 or DAI/DLM-1) recognizes DNA in the cytoplasm as an antiviral mechanism. Once ZBP1 is activated, it increases the production of antiviral cytokines, particularly the type I interferons (Vilaysane and Muruve, 2009, Yanai, et al., 2009) . Expression of this PRR was significantly elevated in healthy aging tissues and it was positively correlated with aging, and positively correlated with the mean pocket depth across the periodontally healthy population of animals. While this PRR has generally been considered as a molecule with a role in antiviral innate immunity, its ability to increase type I interferons that may be related to a more general immunomodulatory response, could suggest a more direct role in bacterial responses, or may indicate some involvement of altered local viral reactivation/challenge to the gingival tissues during disease, as has been suggested in human periodontitis (Slots, 2010 , Contreras, et al., 2014 .
The findings of this study provide some evidence that variation in the expression of PRRs in gingival tissues of healthy aged individuals may be reflective of a biological pattern of tissue change with aging that could increase the risk for developing disease, as has been reported in humans and nonhuman primates (Kye, et al., 2012 , Gonzalez, et al., 2012 , Chung, et al., 2011 , Hajishengallis, 2010 , Huttner, et al., 2009 , Miller, et al., 1995 . The relationship of some of these microbial detection molecules related to expression of some "physiologic" inflammatory changes even in healthy tissues suggested a more complex role for this family of "detectors" than may have been previously considered in models targeting a single PRR with in vitro systems and a mono-microbial challenge. Distribution of gene expression of PRRs in healthy aging gingival tissues compared to other age groups. The bars denote the mean levels in healthy aged (n=6), and all other healthy (n-17). Significant differences are denoted by p-values. Identification of gene expression profiles in healthy gingival tissues comparing aged tissues to all other age groups. Points denote individual genes plotted as fold-difference with aging and p-value. Correlation of PRR expression in healthy gingival tissues for genes that significantly correlated with age. Each point denotes the values from 1 animal (n=41). Genes CLEC4M (Rhesus Macaque Genome Array; n=23) and PTX4 (Rhesus Gene 1.x ST Exon Array; n=18) are only currently annotated for one of the microarray chips that were used in the experiments. Table 1 Gene expression targets for microbial sensing molecules 
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